50 to 300 km, mortality also increased from 1.2 to 1.4% (Chou et al., 2004) . However, when water and feed were provided during a 72-h holding and transportation period, chick mortality was reduced and 3-d-old BW gain improved (Xin and Rieger, 1995) . This practice is not widely used though, because 1-d-old chicks are transported in total darkness and it is assumed that chicks are less active in darkness, as has been demonstrated in broilers (Archer et al., 2009 ). Nevertheless, farmers are strongly encouraged to reduce mortality. Indeed, the current 2007/43/EC European Directive allows a broiler density of up to 33 kg/m 2 , and higher densities (39 and 42 kg/m 2 ) are permitted only if strict welfare standards are met, especially if mortality is below a threshold that varies according to the age of birds [1 + (0.06 × age of birds at slaughter); Council of the European Union, 2007] .
It has been reported that breeder age affects the quality of incubated eggs and consequently the quality and performances of progeny (chick quality, yolk sac weight, and BW; Ulmer-Franco et al., 2010) . Since the 1950s, genetic selection has contributed considerably to improving the productivity and efficiency of broilers (Tixier-Boichard et al., 2012) . As a consequence, new broiler lines need more specific attention and studies have to take into account their specific requirements at different breeder ages. The present study was performed under European conditions, using the most common transport and rearing practices, with 1-d-old fast-growing broiler chicks produced by the same breeder flock at 3 different ages. The aim of the present study was to examine the effect of 1-d-old chick transportation duration on hematocrit, BW, mortality, feed uptake, feed conversion ratio (FCR), and pododermatitis of broilers during the growout period up to slaughter age at d 35.
MATERIALS AND METHODS

Ethics and Bird Welfare
The experiment was approved and licensed by ethics committee of the French Agency for Food, Environmental and Occupational Health and Safety (AN-SES): ComEth/Afssa/ENVA/UPEC (license number 10/07/06-05).
Birds
Three experiments were carried out using eggs from a single flock of Ross PM3 breeders in 3 batches collected when the breeders were 35, 45, and 56 wk old for experiments 1, 2, and 3, respectively (Table 1 ). Eggs were collected over 4 consecutive days to ensure enough eggs would be available for each experiment. The eggs were transported to ANSES experimental facilities. They were sorted for eggshell cleanliness and integrity and were disinfected using Septrivet tablets (Medentech, Wexford, Ireland). The eggs were transferred to trays holding 150 eggs each and stored for 3 d under standard conditions (16°C, 75% RH). Eggs were then preheated for 8 h at 26°C and 75% RH, after which they were incubated (standard program) in 2 identical AirStreamer S2H2 incubators (Petersime N.V., Zulte, Belgium) with a capacity of 9,600 eggs each. At d 18 of incubation, the eggs were candled and those with evidence of living embryos were transferred to hatching baskets. After hatch, chicks were visually sorted according to commercial hatchery standards: weak chicks or those with physical abnormalities, unhealed navels, or red hocks considered unsalable were culled. Salable chicks were put in transportation baskets with a capacity of 100 chicks (21 cm 2 /chick) and divided equally between the 3 transportation treatments.
Treatments and Road Transportation
The duration of the different transportation treatments were selected according to the results of a survey previously carried out in hatcheries in France about the common practices in chick transportation (data not shown). Hatcheries representing 40% of the total production of 1-d-old broiler chicks in France responded to the survey. Chick transportation of 4 and 10 h corresponded to the average and maximum durations, respectively. For this reason, the control group (T00) considered as nontransported chicks was taken directly from the hatchery to the barn, a distance of about 200 m, within less than 5 min. The second (T04) and third (T10) groups were transported in a truck for 4 or 10 h, respectively. Transportation conducted under commercial conditions, using a semi-trailer truck with air conditioning set at 28 to 29°C and 34 to 36% RH (first T00  T04  T10  T00  T04  T10   1  35  October-December 2010  4  4  4  2,600  2,600  2,600  2  45  January-March 2011  7  7  7  4,550  4,550  4,550  3  56  April-June 2011  7  7  7  4,550  4,550  4,550  Total  18  18  18  11,700  11,700  11,700 and third experiment). In the second experiment and due to practical reasons, chicks were transported in a smaller truck, with 23 to 25°C and 38 to 45% RH. In all 3 experiments, the experimental chicks were transported by road with commercial chicks to reproduce normal transportation conditions, whereby commercial chicks intended for several farms are transported and delivered by a single truck.
Bird Housing
After transportation, chicks were housed in a single barn with dynamic ventilation and ridge extraction, on a chopped-straw litter, in 35-m 2 pens, each containing 650 chicks. The numbers of chicks and pens (repetitions) per treatment are presented in Table 1 . Birds had ad libitum access to feed and water. Feed was provided by a commercial company, following Ross recommendations. Feed was weighed and distributed using an automatic feeding system (DosiPhase Tuffigo, SaintÉvarzec, France). Ambient temperature was set at 32°C on d 1 and gradually reduced to 22°C at slaughter age, in line with common practice at ANSES experimental station. Light was provided by neon lamps. In agreement with the information in the European Council Directive 2007/43/CE (Council of the European Union, 2007) available at the time of the experiment, chicks received 24 h of light (24L:0D) during the first 3 d after placement, then 1 h of darkness was added each day from d 4 to 9, to reach 6 h of darkness (18L:6D), and maintained until d 29. The dark period was then reduced progressively (23L:1D) until the end of growout period. Birds were caught manually by a catching team and slaughtered in a commercial processing plant on d 35.
Measurements
Hematocrits were evaluated on 44 chicks per treatment (T00, T04, and T10) in the first experiment. This number was adjusted to 64 per treatment in experiment 2 and 84 per treatment in experiment 3, to increase the statistical power of the analysis. Blood samples were collected in heparinized microcapillary tubes (50 mm × 1.4 mm). Microcapillary tubes were sealed with clay, centrifuged in a micro hematocrit centrifuge (Centri Jouan A13) at 15,000 × g for 5 min (~22°C). The results were read using a Janetzki microcapillary linear reader.
In each experiment, 100 randomly sampled chicks were individually weighed after hatch for T00, after 4 h of transportation for T04 and after 10 h of transportation for T10. After placement, 30 birds were randomly selected in each pen and weighed at d 7, 14, 21, 28, and 35. On these same days, feed uptake and FCR were measured and calculated each week per pen up to slaughter age. Feed uptake was calculated by subtracting the weight of remaining feed in feeders from the weight of feed initially provided. Due to practical constraints, it was not possible to quantify the amount of spilled feed. Feed uptake was expressed by cumulative feed (g) per chick. The FCR was expressed as the ratio of cumulative feed uptake (g) to BW (g).
Mortality was checked twice a day in each pen. Pododermatitis was assessed on 15 birds per pen, at d 14, 21, 28, and 35. The severity of pododermatitis lesions was scored on the right leg of each bird using scores from 1 to 5 according to Michel et al. (2012) , where 1 represents no lesions and 5 a severe lesion covering more than 50% of the footpad surface with ulceration.
To assess the effect of breeder age on hatch parameters and chick quality, the numbers of infertile eggs, unhatched eggs, culls (unsalable chicks), and salable chicks were counted per tray. The fertility was expressed as the percentage of fertilized eggs (presence of embryo at candling) out of all incubated eggs. The hatchability was expressed as the percentage of salable chicks obtained from all the fertilized eggs. In each experiment, chick quality was scored on 250 randomly sampled salable chicks on a scale with a maximal final score of 100 according to Tona et al. (2003) . Chicks with a score of 100 were considered first-class chicks.
Statistical Analysis
Data were analyzed using GLM (RVAideMemoire package) of the R (version 2.15.1) for Windows platform (R Development Core Team, 2012). The first model assessed the effect of transportation duration on hematocrit, BW, feed uptake, and FCR during the growout period up to slaughter age, for each experiment separately. The second model assessed the effect of breeder age on incubation results such as fertility, hatchability, chick quality score, culls, hematocrit, and BW at 1 d old before transportation.
where Y i and Y j : the studied effect; μ: mean; TRD j : effect of transportation duration; BRD i : effect of breeder age; and ε i and ε j : residual errors.
The experimental unit differed according to the measured parameter; it was each bird for chick quality score, BW, and hematocrit; each pen for feed uptake, FCR, and mortality; and each tray of 150 eggs for incubation parameters (fertility, hatchability, and percentage of culls). The Shapiro-Wilk normality test was used to test normality of data. When data followed a normal distribution, the homogeneity of variances was tested with Bartlett's test; otherwise the permutational Bartlett's test was used. When the data displayed normality and homogeneous variance, an ANOVA test was performed; otherwise, a Kruskal-Wallis test was used. A Kruskal-Wallis test was also used to analyze pododermatitis data. Viability data were analyzed using a Cox proportional hazards regression model of survivors.
When the effect of one of the factors was significant (P < 0.05), means were compared using Holm adjusted Pvalues for multiple comparisons.
RESULTS
Hematocrit
In the first experiment, transportation duration had no significant effect on hematocrit, possibly due to the small sample number (n = 44; Table 2 ). In the second experiment, the number of samples was increased (n = 64). Data show a significant effect of transportation duration; chicks of T04 had the lowest hematocrit compared with T00 and T10. In the third experiment (n = 84), T10 hematocrit was significantly lower than T00 and T04, whereas there was no significant difference in hematocrit between T00 and T04. Table 3 shows the effect of transportation duration on BW of birds per experiment up to slaughter age. Transportation duration resulted in lighter chicks early in the growout period: up to d 21 in experiment 1 and 2. However, at d 35, there were no longer any differences in BW between transportation treatments.
BW
Feed Uptake and FCR
Results of feed uptake and FCR are presented in Tables 4 and 5 , respectively. Transportation had no significant effect on cumulative weekly feed uptake in the 2 first experiments. In the third experiment, at d 21 and d 28, feed uptake in T10 was significantly higher than in the other treatments. At d 35, feed uptake in T10 was also significantly higher than in T00, but no significant differences were observed between T04 and the other treatments.
The FCR demonstrated a similar tendency, with no significant effect observed in the first 2 experiments, whereas in the third experiment at d 21, FCR for T10 was significantly higher than for T00 and T04.
Viability
Viability results are presented in Figure 1 . The results of the Cox model showed no significant effect of Within a row, means of the same factor that do not share a common superscript differ significantly (P ≤ 0.05). 1 Hematocrit was assessed on 44, 64, and 84 chicks for the first, second, and third experiments consecutively for each transportation duration. T00 = control group; T04 and T10 = transported in a truck for 4 or 10 h, respectively. a-c Within a row, means for breeder age and transport duration, respectively, of the same factor that do not share a common superscript differ significantly (P ≤ 0.05).
1 Data are shown as the mean of 30 individual measurements per pen. T00 = control group; T04 and T10 = transported in a truck for 4 or 10 h, respectively.
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TRANSPORTATION OF 1-DAY-OLD BROILER CHICKS transportation duration on the viability of broilers up to slaughter age in either the first (P = 0.811) or third (P = 0.686) experiment. In the second experiment, viability was significantly (P = 0.049) lower in T00 than in T04 and T10, whereas no significant differences were observed between T04 and T10.
Pododermatitis
Pododermatitis data are presented in Figure 2 . No significant effect of transportation duration on pododermatitis was observed in either the first or third experiment. In the second experiment, T10 birds had a significantly lower pododermatitis average score than T00 birds at d 13 (1.51 vs. 1.69, P = 0.021) and d 21 (2.15 vs. 2.34, P = 0.013). However, no significant difference was observed between T04 and the other treatments. At d 28 and 35, no significant differences were observed between any treatments.
Breeder Age Effect
The results of incubation (fertility, hatchability, and chick quality) are presented in Table 6 . They show a significant decrease (P < 0.001) in fertility and hatchability with increasing breeder age. The chick quality score from 56-wk-old breeders was significantly higher (P < 0.001) than the score from 35-and 45-wk-old breeders. The percentage of culls was significantly higher (P < 0.001) in 45-wk-old breeders than for the other breeder ages. However, breeder age had no significant (P = 0.311) effect on hematocrit. a,b Within a row, breeder age and transport duration means of the same factor that do not share a common superscript differ significantly (P ≤ 0.05). 1 Pen was the experimental unit for feed uptake and feed conversion ratio. T00 = control group; T04 and T10 = transported in a truck for 4 or 10 h, respectively. a,b Within a row, means of the same factor that do not share a common superscript differ significantly (P ≤ 0.05). 1 Pen was the experimental unit for feed uptake and feed conversion ratio. T00 = control group; T04 and T10 = transported in a truck for 4 or 10 h, respectively.
The BW of chicks at hatch significantly increased with age of breeders. Chicks from 45-wk-old breeders had the highest BW between d 7 and 28, but at slaughter age, birds from 56-wk-old breeders were the heaviest (P < 0.001). Birds from 35-wk-old breeders were significantly lighter throughout growout period (P < 0.001). Birds from the 35-wk-old breeders had significantly lower feed uptake than birds from the 45-wk-old breeders, except at d 14. Feed uptake was significantly lower for birds from the 56-wk-old breeder than for those from 45-wk-old breeders, except at d 35 where no significant differences were observed. The lowest FCR was observed with birds from older breeders (56 wk) during the first 2 wk of growout period. Then, no significant differences were observed up to d 28. At slaughter age, FCR was higher in 45-wk-old breeders than in 35-and 56-wk-old breeders. Viability was significantly affected by the age of breeders (P < 0.001). Multicomparisons of survival analysis showed that mortality in flocks from 35-and 45-wk-old breeders was significantly higher than from 56-wk-old breeders (P < 0.001). However, no significant differences in mortality were observed between chicks from 35-and 45-wk-old breeders (P = 0.268).
DISCUSSION
This experiment investigated whether broiler chicks expressed lower performance and had higher mortality rates after being transported for long periods.
Hematocrit is defined as the volume of packed blood cells, expressed as a percentage of total blood volume. It increases with the dehydration status and hypoxia (Maxwell et al., 1990; Zhou et al., 1999) . It was assumed that newly hatched chicks spending a longer time without access to water would present a higher hematocrit. To the best of our knowledge, no previous study investigated the effect of transportation duration of 1-d-old chicks on dehydration using hematocrit. In previous studies, weight loss was used as an indicator of dehydration (Reis et al., 1997; Peebles et al., 2004) , but Hager and Beane (1983) reported that weight loss could be attributed primarily to excretion. Our results show a significant decrease in hematocrit in the last experiment for longer transportation duration (a longer period before the first feed and water intake). These results are not in line with those of Peebles et al. (2004) who found no significant decrease in hematocrit (33.1 to 27.0%) when 1-d-old chicks were subjected to a 72-h delay before their first feed and water intake. No difference was observed either in hematocrit of 1-d-old chicks despite the difference in hatch time and the time spent in the hatcher (Wolanski et al., 2006) . Hematocrit is also likely to increase in environments containing a high CO 2 concentration: Maxwell et al. (1987 Maxwell et al. ( , 1990 showed an increase in chick hematocrit from 29.0% (normal environment) to 36.1% (CO 2 concentration up to 1%). The decrease of hematocrit observed in our study could 45-(B) , and 56-wk-old (C) breeders. T00 = control group; T04 and T10 = transported in a truck for 4 or 10 h, respectively. Color version available in the online PDF.
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TRANSPORTATION OF 1-DAY-OLD BROILER CHICKS therefore be explained by the decrease in CO 2 from 1% in the hatcher to 0.03% in the transportation crates.
When 1-d-old chicks were transported for 4 or 10 h, BW of birds was reduced up to d 21, but after this period, no differences were observed between treatments up to slaughter age. This confirms the results of Baião et al. (1998) who suggested that a longer period of hatching associated with a longer interval between hatching and housing impaired the weight gain of the broilers in the first week of growout period, but did not change the final weight or feed efficiency at the end of the growout period. Batal and Parsons (2002) suggested that early feeding after hatch stimulates early gut development, resulting in efficient energy utilization and higher weight gain. Fairchild et al. (2006) found that despite having an early access to water, delayed feed access initially impaired broiler growth, but no differences were observed after 2 wk of growout.
No significant differences in feed uptake and FCR were observed between chicks transported for different durations. However, Almeida et al. (2006) reported that removing chicks from incubators directly after hatch compared with those removed 12 h later resulted in higher feed intake up to d 28, but not in higher weight gain at the end of the growout period. Vargas et al. (2009) suggested that in broilers FCR was not affected when chicks were removed from the hatcher 12 h after hatch. This result could be explained by the fact that the feed uptake measurement was not precise, because spilt feed could not be quantified. It could also be linked to sex dimorphism (the difference in BW between males and females), which is around 300 g at d 35 (Aviagen, 2007) ; thus, sex ratios, which may vary between pens, would result in high feed uptake variability. These differences could increase the variability between experimental units and consequently reduce the statistical power. Sex dimorphism and sex ratio should therefore be taken into account in future experiments. Chou et al. (2004) suggested that transportation of chicks for distances higher than 50 km (a fasting period of more than 1 h and stress of transportation) results in higher mortality rates (1.2 vs. 1.4%) during the first week of the growout period. The rate of mortality during the first week was lower in our study (0.9 to 1.1%). This could be explained by the fact that all transported chicks were driven across flat areas in our study, whereas Chou et al. (2004) reported that transporting 1-d-old chicks through mountain roads increased the risk of mortality by 9.48% during the first week. The results of Chou et al. (2004) were also based on field data with no controlled factors, whereas our experiments were held in an experimental station with a controlled environment during the transportation and growout period. Almeida et al. (2006) suggested that a long fasting period (12 h) after hatching had no effect on mortality during the growout period.
Prevalence of severe pododermatitis was reduced in T10 at d 13 and 21 in the second experiment. Transporting chicks for 10 h decreased growth during the 3 first weeks and as a consequence resulted in lighter birds. Therefore, lighter birds had less pododermatitis as it has been reported that pododermatitis positively correlates with weight (Kestin et al., 2001) . Pododermatitis is also probably linked to poor litter quality (Berg, 2004) , but no significant differences in litter quality were observed between treatments in the present study (unpublished data).
The same breeder flock was used throughout the 3 experiments, the breeder age consequently increased from experiment 1 to 3; thus, this age effect could not be separated from the experiment effect. However, our results are in accordance with the literature: increasing breeder age from 35 to 56 wk significantly decreased egg fertility from 96.3 to 87.0%. Increasing age also decreased hatchability from 92.1 to 84.6%, which is in line with the results of Tona et al. (2001a,b) who identified optimal hatchability from 31-to 40-wk-old broiler breeders. Hatchability is related to egg fertility and embryo mortality throughout the incubation processes (Yassin et al., 2008) . Embryo mortality has been reported to increase with increasing breeder flock age (Elibol et al., 2002; Zakaria et al., 2009) . Chick quality scores and the proportion of first class chicks were higher in 56-wk-old breeders than in 35-and 45-wk-old breeders. These results are not consistent with those of Willemsen et al. (2008) who showed high chick quality scores of 96 and 90 in 39-and 53-wk-old breeders, respectively. The percentage of culls was significantly higher in mid-age breeders, whereas Ulmer-Franco et al. (2010) found fewer culled chicks from young breeders (29 wk old) than from older breeders (57 wk old). Chick quality has been reported to be a difficult matter to define as it is a subjective evaluation depending on the judgment of each individual (Willemsen et al., 2008) .
Weight of 1-d-old chicks was 6.9 g higher for 56-wkold breeders than for 35-wk-old breeders, in line with the results of Hulet et al. (2007) who found the weight of 1-d-old chicks from 57-wk-old breeders higher (+7.7 g) than chicks from 29-wk-old breeders. Other research suggests a positive correlation between the age of breeders and the weight of 1-d-old chicks (Tona et al., 2001a; Almeida et al., 2008; Willemsen et al., 2008) . Final BW was higher in 56-wk-old breeders than in 35-and 45-wk-old breeders. Our results are in accordance with the results of Ulmer-Franco et al. (2010 who highlighted a tendency for higher growth performance with increasing breeder age. The increase in BW was also associated with an increase in feed uptake as was reported by Vargas et al. (2009) who found that feed intake was significantly higher in birds from 60-wkold breeders than from those from 30-wk-old breeders. Mortality decreased with increasing breeder age, which is in line with the results of McNaughton et al. (1978) and Hearn (1986) who found higher mortality in birds from 26-to 30-wk-old breeders than in those from 58-wk-old breeders. Higher mortality is also associated with smaller eggs, which are relatively more frequent in young breeders (Tona et al., 2001a (Tona et al., , 2004 . However, Peebles et al. (1999) observed higher mortality in birds from old breeders, and the difference became significant in the last week of growout period. On the other hand, Hulet et al. (2007) found no significant effect of breeder age on mortality during the overall growout period. No clear conclusion can be highlighted for the effect of breeder age on mortality, as contradictory results have been reported in previous studies. Furthermore, in our experiments, the effect of breeder age could not be separated from that of treatment or season.
In conclusion, under our experimental conditions, transportation of 1-d-old chicks for 4 or 10 h compared with those moved directly to the farm (less than 5 min) had no effect on mortality except in the second experiment, but reduced BW until d 21 and as a consequence reduced the prevalence of severe pododermatitis. However, it had no effect on final BW. No clear effect of transportation duration could be highlighted for hematocrit, feed uptake, or FCR due to a lack of precision in measurements; further studies are needed to confirm a-c Within a row, means that do not share a common superscript differ significantly (P ≤ 0.05). 1 Fertility (%) = (number of fertile eggs/number of set eggs) × 100. 2 A total of 128 incubation trays or hatching baskets were the experimental unit for measurements of fertility, hatchability, and cull percentage.
3 Hatchability (%) = (number of salable chicks hatched/number of fertile eggs) × 100. 4 Chick quality was assessed on 250 individual chicks randomly selected for each experiment. The maximal score is 100.
5 Culls = (unsalable chicks/fertile eggs) × 100. 6 Hematocrit was assessed on 44, 64, and 84 chicks for age of breeders (35, 45, and 56 wk old consecutively).
whether they have any real effect. Increasing age of breeders decreased fertility and hatchability, but it increased 1-d-old chick quality and BW. Older breeders also resulted in reduced mortality and increased market BW, but the age effect of breeders could not be differentiated from the experimental or seasonal effect. Chicks from older breeders appear to be heavier and could therefore support long transportation durations.
